Abstract Treatment fidelity data (descriptive and statistical) are critical to interpreting and generalizing outcomes of intervention research. Despite recommendations for treatment fidelity reporting from funding agencies and researchers, past syntheses have found treatment fidelity is frequently unreported (e.g., Swanson, The Journal of Special Education, 47, 3-13, 2011) in educational interventions and fidelity data are seldom used to analyze its relation to student outcomes (O'Donnell, Review of Educational Research, 78(1), 2008). The purpose of this synthesis was to examine how treatment fidelity is supported, measured, and reported in reading intervention studies conducted with students at risk or with reading difficulties in grades K-3 from 1995 through 2015. All studies (k = 175) were coded to extract and classify information related to (a) the characteristics of the intervention study (e.g., publication year, research design); (b) treatment implementer training and support; (c) treatment fidelity data collection procedures, dimensions (i.e., adherence, quality, receipt, dosage, and differentiation), and levels of treatment fidelity data; and (d) the use of fidelity scores in the analysis of treatment effects. Results indicated that less than half (47%) of the reading intervention studies synthesized reported treatment fidelity data (numeric or narrative). Exploratory analyses showed that several study features were associated with the prevalence of fidelity reporting. Studies reporting treatment fidelity largely measured treatment adherence, and scores were, on average, high. Other dimensions of treatment fidelity (e.g., treatment differentiation), and analyses relating fidelity data to outcomes, were consistently absent from Educ Psychol Rev
because treatment fidelity has been found to be a significant predictor of student reading outcomes (O'Donnell 2008) , and past studies have shown attempts to measure the effectiveness of reading approaches have been hampered by variation in teacher implementation (e.g., Pressley and Rankin 1994) . In the sections to follow, we describe recommendations put forth in psychology, health, and social science that have influenced the conceptualization, measurement, and reporting of treatment fidelity in educational intervention research, as well as the results of past reviews of fidelity reporting in educational intervention research.
Recommendations for Measuring and Reporting Treatment Fidelity
Pioneering works from psychologists and health researchers have influenced recommendations for measuring and reporting treatment fidelity in educational intervention research. Behavioral psychology researchers were the first to mention treatment fidelity (Peterson et al. 1982; Quay 1977) , and psychologists Frank Moncher and Ronald Prinz (1991) proposed the first set of specific guidelines for the enhancement of treatment fidelity. These guidelines encouraged researchers to (a) operationally define the treatment, (b) adequately train implementers for treatment delivery using treatment manuals, (c) provide ongoing supervision to treatment implementers, (d) measure adherence to treatment via outside observations, and (e) utilize fidelity data to interpret research findings. Many of these recommendations remain central to more recent investigations of treatment fidelity by health scientists (e.g., Bellg et al. 2004; Borelli et al. 2005; Miller and Rollnick 2014) and educational researchers (e.g., O'Donnell 2008; Swanson et al. 2011) .
Building on the original work of Moncher and Prinz (1991) , health scientists have advanced the definition, monitoring, and measurement of treatment fidelity over the past 20 years. Key to these advancements was the formation of the National Institutes of Health (NIH) Treatment Fidelity Workgroup in 1999, as part of a consortium of NIH-funded projects focused on improving health-related outcomes. This workgroup put forth several recommendations for researchers related to best practices in treatment fidelity: (1) train and supervise treatment implementers using specific strategies, and assess implementers before treatment delivery to ensure implementers acquire critical skills; (2) measure not only treatment adherence and dosage, but also variation in treatment fidelity among implementers, treatment differentiation, and treatment receipt; (3) collect data on treatment and comparison sessions using audio tapes or observations and conduct exit interviews with comparison group implementers to examine treatment differentiation; and (4) monitor and describe treatment receipt to ensure participants understand and can make use of health-related treatments (Bellg et al. 2004) .
Special education researchers have also acknowledged the important role of treatment fidelity and offer recommendations for treatment fidelity reporting in educational research. Recommendations for reporting treatment fidelity were published in Exceptional Children for experimental and quasi-experimental group design studies (Gersten et al. 2005) and single case studies (Horner et al. 2005) in special education. Describing the treatment fidelity quality indicators for group studies, Gersten et al. (2005) asserted that assessing and reporting treatment adherence is an Bessential^element of high-quality studies (p. 156). These guidelines specified that authors conduct regular instructional observations and use a checklist of the most important features of the intervention to measure adherence. Similarly, Horner et al. (2005, p. 168) called for the Bcontinuous and direct measurement^of treatment fidelity within single case studies. Although not posited as a requirement, Gersten et al. (2005, p.156) considered assessing and describing quality of implementation (i.e., how well the treatment was implemented) as Bdesirable^for evidence-based practices high-quality group studies in special education. Adherence and quality of intervention are particularly worthy of measurement in educational research given implementers of educational treatments are often required to enact instructional practices without a scripted protocol (Mowbray et al. 2003) and make countless instructional decisions in short periods of time.
Other educational researchers have suggested that authors investigate the technical properties of fidelity measures and use these measures to examine the relation between treatment fidelity and student outcomes. O'Donnell (2008) describe how fidelity measures were constructed and both assess and report the reliability and validity of the treatment fidelity data collected (Mowbray et al. 2003; O'Donnell 2008) . Mowbray et al. (2003) identified several approaches to assessing reliability and validity of fidelity measures, including calculating interrater agreement across fidelity raters (reliability) and examining the agreement between two different sources of fidelity information (validity). Additionally, experts have suggested researchers examine the relation between treatment fidelity and student outcomes based on previous research showing treatment fidelity data were associated student outcomes (e.g., National Research Council 2004; O'Donnell 2008) .
Although researchers across disciplines define and measure treatment fidelity differently, continuing efforts to develop the concept of treatment fidelity provide educational researchers with an array of methodological considerations to help unpack issues related to treatment implementation. Taken together, the guidelines put forth in psychology, health, and education describe treatment fidelity as a multifaceted concept that includes (a) methods for training, supporting, and assessing treatment implementers; (b) procedures for collecting fidelity data; (c) various dimensions of treatment fidelity (i.e., treatment adherence, dosage, quality, differentiation, and receipt); and (d) techniques for analyzing the relations between fidelity and outcomes.
Treatment Fidelity Reporting in Educational Intervention Research
Reviews of fidelity reporting in intervention research studies began surfacing in the early 1980s (e.g., Lysynchuk et al. 1989) and now cover over 20 topic areas in social, psychological, and behavioral science (Gearing et al. 2011) . Several trends are present in the extant reviews of treatment fidelity in educational intervention research. First, school-based interventions underreport treatment fidelity in intervention studies (Gresham et al. 1993; McIntyre et al. 2007; O'Donnell 2008; Swanson et al. 2011; Wheeler et al. 2006) . For instance, in the field of learning disabilities, a review of treatment fidelity reporting on academic intervention studies published in select special education journals from 1995 to 1999 found 18% of studies reported treatment fidelity (Gresham et al. 2000) . Swanson et al. (2011) reviewed the five highest impact general and special education journals that published intervention studies from 2005 to 2009. They found 47% of studies reported treatment fidelity scores (with similar levels of reporting in both general and special education journals), which demonstrated a notable increase in treatment fidelity reporting relative to the previous learning disabilities synthesis (Gresham et al. 2000) .
Another common finding in the intervention literature is that authors infrequently use treatment fidelity data to analyze treatment effects (O'Donnell 2008; Swanson 2011) . In education, O'Donnell (2008) located five studies that statistically measured the relation between treatment fidelity and outcomes among K-12 studies. All five of the studies identified by O'Donnell (2008) reported that higher treatment fidelity was associated with statistically significantly improved student outcomes. Swanson et al. (2011) also investigated how authors incorporated fidelity data into the analysis of intervention effects. Of the 50 studies that reported treatment fidelity data, only two studies used fidelity data to interpret conclusions.
A final trend apparent in past reviews of treatment fidelity is that they did not often collect data for all facets of the construct. For example, most school-based treatment fidelity syntheses limited the construct of fidelity to adherence, omitting other fidelity dimensions such as dosage, quality of implementation, treatment receipt, and treatment differentiation (McIntyre et al. 2007; Wheeler et al. 2006) . Swanson et al. (2011) did examine treatment adherence, quality of implementation, and dosage; however, they did not address treatment receipt and treatment differentiation.
Since Swanson et al. (2011) conducted their review of treatment fidelity practices in high impact education journals, several education studies have examined treatment fidelity within intervention studies as a multidimensional construct (Domitrovich et al. 2010; Fogarty et al. 2014; Guo et al. 2016; Hamre et al. 2010; Mendive et al. 2016) . For instance, in studying the effects of a multicomponent reading comprehension intervention for middle school students, Fogarty et al. (2014) collected data on the five dimensions of fidelity proposed by Dane and Schneider (1998) and examined the impact of these fidelity dimensions on student outcomes. Confirmatory factor analyses showed all five dimensions of treatment fidelity loaded on a single factor. The authors also found that, on average, the intervention did not create meaningful change on targeted outcomes; however, the intervention led to modest gains when high levels of treatment adherence, quality, differentiation, and receipt were present. The Fogarty et al. study and other recently published studies (e.g., Domitrovich et al. 2010) highlight the important role that multiple dimensions of fidelity can play in studying the effects of reading interventions.
Purpose
Given the expansion of the concept of treatment fidelity and advent of guidelines for fidelity reporting across disciplines, there is a need for a comprehensive examination of treatment fidelity in the reading intervention literature. Past research syntheses of treatment fidelity reporting on school-based interventions confined their investigations of fidelity reporting to a single journal (McIntyre et al. 2007; Sanetti et al. 2013) , selected high impact journals (Gresham et al. 2000; Swanson et al. 2011) , a specific population of students (Wheeler et al. 2006) , or only core curriculum reading programs (O'Donnell 2008) . The purpose of this synthesis was to provide a systematic and in-depth account of how and to what extent treatment fidelity was addressed in published reading intervention studies conducted with students in grades K-3 from 1995 to 2015. We identified reading intervention studies in the primary grades because this area of research is well-developed-more early reading intervention research has been conducted and more is known about the effects of these interventions than of interventions for students in later grades (Scammacca et al. 2007 ). We capitalized on the search results of previous syntheses examining the effects of reading interventions for students in the early grades by Wanzek and Vaughn (2007) and Wanzek et al. (2016) to identify many of the articles for this synthesis. Reviewing studies published over the previous 20 years aligns with What Works Clearinghouse (2014) procedures and provides an extensive, yet contemporary, set of reading intervention studies (k = 175) for examining treatment fidelity. This study provides a unique contribution to the existing literature on treatment fidelity because it is the first such study to examine whether study features (e.g., publication year, research design, journal impact factor) were associated with varying levels of fidelity reporting. Additionally, this study examines how authors trained and supported treatment implementers, multiple dimensions of and the extent to which treatment fidelity was reported, and the ways in which authors used treatment fidelity scores to analyze treatment effects. Thus, we posed the following research questions (RQs):
RQ1. What proportion of K-3 reading intervention studies published in dissertations or peerreviewed journals reported treatment fidelity data, and how did the proportion of fidelity reporting vary according to study features (e.g., publication year, research design, journal impact factor)? RQ2. What procedures did authors report using to train and support treatment implementers? RQ3. What procedures did authors report using to collect observations of fidelity and measure treatment fidelity? RQ4. What dimensions of treatment fidelity (i.e., adherence, quality, receipt, dosage, and differentiation) and what levels of treatment fidelity were presented in published intervention studies? RQ5. To what extent were treatment fidelity scores used in the analysis of treatment effects?
Method

Identification of Reading Intervention Studies
To review the condition of treatment fidelity reporting in early reading intervention studies, we identified unpublished dissertations and peer-reviewed reading intervention studies published from 1995 to 2015 with students in kindergarten through third grade. We took advantage of a corpus of studies identified in past syntheses that examined the effects of less extensive (15-99 intervention sessions; Wanzek et al. 2016 ) and extensive (100 or more sessions; Wanzek and Vaughn 2007) reading interventions on reading outcomes and updated the searches conducted for these syntheses to include more recent reading intervention studies. For less extensive reading intervention studies, we analyzed the corpus of studies from the synthesis of treatment effects conducted by Wanzek et al., (2016) , which identified articles published from 1995 to 2013. To update this synthesis, we replicated the search and screening process for studies published in 2014 and 2015. For extensive reading intervention studies, Wanzek and Vaughn (2007) conducted a comprehensive search of extensive interventions employing nearly identical search and screening procedures as the less extensive synthesis studies published from 1995 through 2005. We updated the search results from their initial synthesis of the effects of extensive interventions to include studies published from 2006 to 2015.
The previous K-3 syntheses (Wanzek et al. 2016; Wanzek and Vaughn 2007) investigating the effects of reading interventions and our updated search for the present synthesis used systematic procedures for identifying unpublished dissertations and published K-3 reading intervention studies. To maximize the number of potentially pertinent articles identified, Wanzek and colleagues conducted a database search using key population and reading search terms and roots (see Wanzek et al. 2016 for details). Additionally, the authors conducted a hand search of the last 2 years of ten journals that frequently publish reading intervention studies to confirm the most recent published research was captured. The authors initially screened all abstracts for eligibility. For articles that advanced beyond the initial screening, the full text was reviewed for inclusion in the synthesis based on the following inclusion criteria:
1. Study was a dissertation or published in a peer-reviewed journal in English from 1995 to 2015. 2. Participants were students in grades K-3 (or ages five to nine) and were identified with a learning disability, reading difficulty, or as at risk for reading difficulties (e.g., students with low achievement, low phonemic awareness, language disorders). 3. Studies with additional participants were included when a majority of the sample consisted of targeted students or when data were disaggregated for these students. 4. Intervention targeted early literacy in English (i.e., phonics, fluency, phonemic awareness, vocabulary, reading comprehension, or spelling). 5. Interventions were delivered outside of the general education curriculum and were part of typical school programming (i.e., did not include home, clinic, or camp programs) 6. Experimental, quasi-experimental, and single case designs were included.
The inclusion criteria for the syntheses of the effects of more extensive ) and less extensive (Wanzek et al. 2016 ) reading interventions were identical except the less extensive synthesis included reading interventions with 15-99 sessions, whereas the extensive reading intervention synthesis contained interventions with 100 or more instructional sessions. Figure 1 provides an overview of the search and screening process for this systematic review of treatment fidelity reporting in early elementary reading intervention studies. Wanzek et al. (2016) identified 128 less extensive reading intervention studies published from 1995 to 2013 for their syntheses of effects. Our search yielded 12 additional articles published in 2014-2015. The original extensive reading intervention synthesis identified 18 studies published from 1995 to 2005, and the extension search for the present synthesis identified 17 studies. In total, we examined 175 reading intervention studies for treatment fidelity reporting.
Coding Procedures
A three-phase process was employed to code the 175 studies identified. First, we designed a coding document (blinded copy available at website) based on guidelines for fidelity data collection and reporting from psychology (Gresham 2009; Gresham et al. 2000; Moncher and Prinz 1991) , health (Bellg et al. 2004; Borelli et al. 2005) , and education (Gersten et al. 2005; O'Donnell 2008; Swanson et al. 2011 ). Second, we employed an iterative improvement process by independently coding a randomly selected set of articles from the corpus, met to discuss discrepancies and areas for improvement, and then refined the code sheet to enhance coding reliability. Third, two authors independently double-coded all studies to extract and classify information related to treatment fidelity and met to reach agreement about all coding discrepancies.
Phase One Code Sheet Development The code sheet developed for this synthesis was informed by past research on treatment fidelity (e.g., Bellg et al. 2004; Moncher and Prinz 1991) and a code sheet used in a past synthesis of treatment fidelity (Swanson et al. 2011) . The final code sheet facilitated the collection of data related to (a) treatment implementer training and support (six items), (b) procedures for collecting treatment fidelity data (six items), (c) treatment fidelity descriptions and scores (eight items), (d) use of fidelity data in analysis (ten items), and (e) general study features (e.g., research design and impact factor of journal; eight items). Professional development sessions that treatment implementers received when beginning (or continuing with) a reading program were considered training for treatment implementers when the training was focused on the treatment. We classified research studies as experiments, quasi-experiments, treatment-comparison, and single case studies. Full-text articles reviewed by Wanzek et al., (2016) during screening: 396
Number of extensive intervention studies met criteria: 29
Records identified by our updates of the previous syntheses Wanzek et al., 2016) : 903
Full-text articles reviewed: 74 Fig. 1 Identifying reading intervention studies for fidelity synthesis and screening for fidelity data. Studies were excluded during the reading intervention screening phase for not meeting any of the following criteria: (1) a majority of the sample participants were students in grades K through 3 or aged 5 through 9 years or data was disaggregated by grade level for the target grade levels; (2) the reading instruction was provided in an alphabetic language and delivered in a general education classroom; (3) the dependent variable addressed reading performance outcome(s) (i.e., vocabulary, oral reading fluency, comprehension, phonics); (4) the research design was experimental, quasi-experimental, or multiple treatment; and (5) the study was published in English in a peerreviewed journal from 1995 to 2015. Studies were coded as providing treatment fidelity data when the level of treatment fidelity was numerically or narratively reported classified as quasi-experimental if authors used procedures to establish baseline equivalence (e.g., matching procedures). Studies without randomization or procedures for establishing baseline equivalence were coded as treatment-comparison studies. The 2016 Journal Citation Reports (JCR®) from Thomson Reuters were used to identify each study's primary journal category and the journal's impact factor. When a journal's impact factor score was not reported for 2016, we used the most recent impact factor score published by Thomson Reuters. We coded treatment fidelity data into five dimensions: treatment adherence, quality, dosage, receipt, differentiation, or combined (i.e., when more than one dimension of fidelity was combined into a single score). Data described by authors as an indication of whether the intervention was delivered as intended were labeled adherence data. Information about the level of skill with which a treatment was delivered was categorized as quality data. We classified data related to the number and length of instructional sessions as dosage data. Unlike other dimensions of treatment fidelity data, treatment receipt data were collected based on student behavior (e.g., time on task, student engagement data) rather than implementer behavior. Data comparing treatment and control conditions with one another using common protocols were categorized as treatment differentiation data.
To qualify as a study reporting treatment fidelity, the study was required to explicitly report numeric or narrative information about the level of treatment fidelity of the reading intervention under investigation. Studies that described the fidelity of classroom instruction but did not describe the fidelity of the reading interventions were classified as not providing treatment fidelity data. Articles were also classified as not reporting fidelity data if they reported collecting fidelity data, but provided no description of the fidelity data collected. Articles were not required to use the term fidelity nor were articles required to provide numeric fidelity data to be considered studies reporting fidelity data. We classified studies that provided minimal information, such as Bthe research team noticed high fidelity^as reporting treatment fidelity data.
Phase Two Code Sheet Improvements and Reliability After drafting the initial coding document, the first two authors piloted the code sheet by independently coding three articles and then met to discuss inconsistencies in their coding results and areas for enhancement of the code sheet. Several changes were made to the code sheet to enhance the reliability of data collection. This iterative process of revising the code sheet was repeated twice more with five new randomly selected articles each time. After a third round of revisions to the code sheet, we collected inter-rater reliability data for five new articles. Inter-rater reliability was assessed as the number of items in agreement divided by the total number of items. For each of the sections of the code sheet, an inter-rater reliability of 90% was established as the lowest permissible limit across the items within each section. Actual reliabilities ranged from 91 to 100%, and the overall reliability was 94%. All studies (n = 175) were independently doublecoded to preserve reliability.
Phase Three Data Collection As articles were double-coded, discrepancies were discussed and decisions were reached by consensus. Code sheet data were then extracted and organized into tables. During the process of organizing information into tables, all numeric treatment fidelity score codes were verified with source articles for a third time.
Data Analysis
To address the first research question, we examined the associations between study features presented as categorical data and treatment fidelity reporting using chi-square statistics. The increased type I error rate associated with testing multiple hypotheses was addressed using the Benjamini and Hochberg (1995) correction, which controls for false discovery rate. Nonetheless, the analyses assessing the association between study features and treatment fidelity reporting should be considered exploratory rather than conclusive due to the dependent nature of these data (discussed in further detail in the Results section). We addressed RQ2 and RQ5 by collecting relevant information from the synthesized studies and presenting this information descriptively. To account for RQ3, we calculated the percentage of articles employing a particular treatment fidelity procedure (e.g., collecting inter-observer agreement data) as the ratio of the number of articles used that procedure to the total number of articles for which the procedure could have been reasonably included. Thus, studies were not included in the denominator when it was not possible for studies to use a particular procedure. For example, we excluded studies that did not use observations to collect fidelity data from the denominator when calculating the percentage of studies that reported inter-observer agreement (refer to Table 3 ). To attend to RQ4, numeric fidelity scores collected from studies were calculated and reported as percentages to make them comparable across studies (refer to Table 5 ).
Results
Treatment Fidelity Reporting and Study Features (RQ1)
Of the 175 reading intervention studies coded for this synthesis, 83 studies (47%) reported numeric or narrative treatment fidelity data. Table 1 addresses the first research question by summarizing the key features (e.g., date of publication, research design) of the studies reviewed with and without fidelity data. Below, the results of our exploratory analyses examining the relations between study features and frequency of fidelity reporting are presented.
Publication Year Publication year was statistically significantly related to the occurrence of treatment fidelity reporting, X 2 (1, k = 175) = 11.98, p < .01. As shown in Table 1 , the proportion of studies reporting treatment fidelity data increased steadily over time.
Research Design A statistically significant relation between research design and the prevalence treatment fidelity reporting was present, X 2 (1, k = 175) = 15.42, p < .01. Single case was the design most likely to report treatment fidelity data. Fifteen of the 22 (69%) single case studies presented treatment fidelity data. Nearly half of the studies reviewed (48%) were experimental studies and 58% reported treatment fidelity data. This proportion exceeds the share of quasi-experimental (31%) and treatment-comparison (30%) studies reporting fidelity data.
Title of Treatment Implementer The title of the treatment implementer (e.g., teacher or paraprofessional) was also significantly related to the occurrence of fidelity reporting, X 2 (1, k = 175) = 11.08, p < .05. Studies with paraprofessional implementers reported treatment fidelity more frequently (78%) than studies with research team members (45%), teachers (34%), or other implementers (e.g., community volunteers; 39%). Although there may be a relation between treatment implementer and the frequency of fidelity reporting, there appears to be a threat to the validity of this finding. Patricia Vadasy was the first author on nine of the 22 studies conducted with paraprofessionals, and all of these studies reported treatment fidelity (Vadasy and Sanders 2008a; Vadasy and Sanders 2008b; Vadasy and Sanders 2010; Vadasy and Sanders 2011; Vadasy et al. 2005; Vadasy et al. 2006a; Vadasy et al. 2006b; Vadasy et al. 2007; Vadasy et al. 2002, b) . If these studies were removed, the percentage of studies with paraprofessional implementers reporting treatment fidelity (46%) would have approximated the level of treatment fidelity reporting across all studies (47%). Thomson Reuters' Journal Citation Reports (JCR®) were used to identify each study's primary journal category (i.e., education, psychology, etc.). Studies were classified as experiments (randomized controlled trials), quasiexperiments (non-randomized but used procedures to establish baseline equivalence), treatment-comparison (non-randomized and no procedures to establish baseline equivalence), and single case studies Participant Grade Level Student grade level was also significantly associated with treatment fidelity reporting, X 2 (1, k = 175) = 13.07, p < .05. Studies with participants in grade 1 reported treatment fidelity most frequently (62%), and studies with multiple grade levels reported fidelity data least frequently (28%), whereas the reporting for studies with participants in other grades (ranged from 45 to 47%) were similar to the overall sample rate (47%). Of note, the association between student grade and frequency of fidelity reporting appeared to be confounded by research design. Two thirds of studies (39 of 58; 67%) conducted with first grade students used an experimental design or single case design (which were more likely to report treatment fidelity) whereas just about half of studies (24 of 47; 51%) conducted with students in multiple grade levels used these design types.
Journal Category We also investigated whether there was a relation between the journal category that studies were published in and the probability of treatment fidelity reporting. Journal category (i.e., education, psychology, or other) was not statistically significantly associated with treatment fidelity reporting, X 2 (1, k = 175) = 4.09, p = .13, though descriptive data showed studies with a primary journal category of education had a higher percentage of studies presenting treatment fidelity (52%) than studies published in journals with psychology listed as the primary category (36%) or other journal categories (35%). A closer look at the education journals revealed that the type of education journal (i.e., special or general education) was statistically significantly related to treatment fidelity reporting, X 2 (1, k = 122) = 6.23, p < .05, with journals identified primarily as special education journals reporting treatment fidelity at a higher rate (63%) than general education journals (40%).
Journal Impact Factor Of the 175 studies in the corpus, we were able to locate journal impact factors associated with 160 studies. We were unable to locate journal impact factors for five dissertation studies and ten peer-reviewed journal articles that were published in journals without impact factor information. More missing data were found for studies that did not report treatment fidelity (k = 10) than studies that reported fidelity data. Insufficient power precluded a statistical test for differences between the journal impact factor for studies that reported treatment fidelity and those that did not while accounting for the nested nature of the data (intervention studies were nested in authors); therefore, we present descriptive information. The average journal impact factor for studies reporting fidelity appeared slightly higher (M = 1.82) than for studies not reporting treatment fidelity (M = 1.52) while both sets of studies had similar standard deviations (0.98 and 0.95, respectively) and ranges (0.45-6.62 and 0.42-6.62, respectively). The effect size value (Hedges' g = 0.32) suggests that there may be a modest difference between studies with treatment fidelity data reported and those without; however, this apparent difference may be due to chance.
Duration of Intervention The duration of intervention (i.e., 15-99 or 100 or more sessions) was not significantly associated with the frequency of fidelity reporting, X 2 (1, k = 175) = 0.12, p > .05.
Procedures for Enhancing Treatment Fidelity (RQ2)
We investigated the methods that authors reported using to train and support reading intervention implementers (Table 2) . A high proportion of studies (77%) that reported treatment fidelity described the initial training, support provided to treatment implementers after the onset of intervention, or both. In 63 of these 83 studies (76%), authors reported delivering an initial training to implementers before the start of the intervention, and 50 of the studies (60%) reported performing an initial training and supporting implementers after beginning the intervention. In nearly all of these studies, the authors reported that the initial training was provided by the research team or a program trainer for the reading intervention company. For instance, O'Connor et al. (2014) sought to foster fidelity using an initial 4-h training and 2-h bimonthly follow-up meetings led by the research team. Only one early intervention study described providing ongoing support without an initial training (Nunnery et al. 2006) . Additionally, 13 of the 83 studies (16%) that reported fidelity data stated that the research team assessed implementer's knowledge of intervention or skills before the start of instruction. Lane et al. (2009) , for example, described assessing each implementer's intervention skills through a simulated lesson before implementers began instruction with students.
Many studies included in this synthesis also reported the amount of time spent providing the initial training and ongoing support. Fifty-eight of the 63 studies (70%) that described the initial training stated the number of hours of the initial training meetings for teachers. Authors less frequently (47%) reported the number of hours implementers received training or support after the intervention was underway. Table 2 shows that there was considerable variation in the number of initial training and ongoing support hours that occurred among studies. 
Procedures for Measuring Treatment Fidelity (RQ3)
To address the third research question, we examined the procedures authors reported using to collect fidelity data (Table 3) . A high percentage of studies (90%) included a live, video, or audio observation as the means for collecting fidelity data. Of the studies collecting fidelity data using observations, most of the studies (k = 63) reported conducting observations in person (i.e., live); however, some studies reported collecting audio (k = 8) and video recording (k = 2) of instruction for later coding. All studies that did not report collecting observational data used self-report measures to examine treatment fidelity. For example, Graham et al. (2002) described a self-report fidelity measure in which teachers marked whether the lesson steps were completed after each lesson.
Many of the studies that used observations to collect fidelity data provided information about the frequency and duration of observations and provided inter-observer agreement data to describe the reliability of observational data. Of the studies that reported conducting observations, 54 of the 72 studies (75%) reported the number of observations performed and 52 of the 72 articles (72%) reported the duration of observations (i.e., number of minutes). Across studies, the number of observations ranged from 1 to 35 observations. Of the studies that reported the number of observations, 16 of the 54 studies (30%) reported conducting three or less observations per implementer whereas 29 studies (33%) and 13 studies (17%) reported conducting four to 12 observations and 13 or more observations, respectively. In the studies reviewed, the majority of the interventions lasted 20 or 30 min and the authors reported observing entire intervention sessions when collecting fidelity data. Hence, 37 of the 52 studies 
Dimensions and Levels of Fidelity Data (RQ4)
Dimensions of Treatment Fidelity To address the fourth research question, we examined the various dimensions (e.g., adherence and quality) of treatment fidelity data reported in the corpus. Sixty studies (72%) only reported adherence, one study (1%) reported only quality, eight studies (10%) only reported a combined indicator (e.g., adherence and treatment receipt in a single score), and 14 studies (17%) reported multiple measures of fidelity (e.g., adherence, dosage, treatment receipt indicators reported separately). Of the intervention studies that reported multiple dimensions of fidelity, 13 of the 14 studies included measures of adherence. Thus, nearly 90% of studies (73 of 83) that reported treatment fidelity data included an indicator of treatment adherence. Thirteen of the studies that reported multiple dimensions of treatment fidelity reported quality scores. Although there were no studies that reported only dosage or treatment receipt as fidelity data, discrete measures of dosage and treatment receipt were included in two and three studies, respectively. Table 4 includes a full account of the types of fidelity data reported.
Levels of Treatment Fidelity
Of the 83 studies that reported treatment fidelity data, 71 studies (86%) presented numeric treatment fidelity data while the remaining 12 studies presented qualitative descriptions (see Table 4 ). The level of treatment fidelity in the studies synthesized was high across the types of data (i.e., numeric or narrative descriptive data) and dimensions of fidelity. All of the studies that provided qualitative descriptions of treatment fidelity described fidelity as high or without substantial deviations from the intended treatment. For instance, Torgesen et al. (2010, p. 46 ) explained, BAlthough no formal analysis of fidelity was conducted, information from the videotapes indicated that teacher fidelity to the intervention procedures and materials of both methods was very high throughout the implementation period.Ê xamining the numeric treatment fidelity data revealed fidelity was high, especially among studies that measured adherence to the intended treatment. Specifically, 50 of the 65 studies (77%) that reported numeric adherence data asserted adherence at or above 90%, with 32 of the studies (50%) reporting fidelity equal to or exceeding 95%. The majority of remaining studies (10 of 15) that collected adherence data reported adherence data exceeded 80%. Only one study (Denton et al. 2010a ) reported adherence fidelity below 70%. Scores for the other dimensions of treatment fidelity were also relatively high. We present fidelity scores for each of the 83 studies along with study feature (i.e., duration of intervention, research design, student grade level, implementer) and fidelity collection information (e.g., method of fidelity collection, number and duration of observations) in Table 5 .
Treatment Differentiation Treatment differentiation data were rarely reported in the corpus of studies. Only two studies synthesized directly evaluated the extent to which the treatment condition differed from the comparison condition using a common observation tool (Wolgemuth et al. 2014; Vadasy et al. 2015) . For instance, Vadasy et al. (2015) coded for unique and common instructional components when assessing the effects of two approaches to improving vocabulary among kindergarten students to examine the extent to which the treatment conditions vary.
Variation in Treatment Fidelity Among Implementers
We also collected data on how frequently authors reported variation in treatment fidelity among treatment implementers. A little less than half of the studies (49%) reported variation in fidelity among treatment implementers. Authors most frequently offered a standard deviation for treatment fidelity mean or minimum and maximum scores as information about the variation in treatment fidelity across implementers (e.g., Vadasy and Sanders 2009; Vernon-Feagans et al. 2012 ).
Using Treatment Fidelity Data to Examine Treatment Effects (RQ5)
Related to the final research question, authors rarely reported using treatment fidelity in their analysis of treatment effects. Only four of the 83 studies (5%) reported examining the effects of fidelity on treatment effects (Nunnery et al. 2006; Vadasy and Sanders 2009; Vadasy et al. 2015; Wolgemuth et al. 2014) . Three of these studies found treatment fidelity was predictive of Table 5 (continued)
Educ Psychol Rev Mathes and Babyak (2001) LE less-extensive (i.e., 15-99 sessions), E extensive (i.e., 100 or more sessions), E experimental, QE quasi-experimental, TC treatment-comparison, SS single subject, K kindergarten, R researcher, O other, T teacher, P paraprofessional, M multiple, Y yes, N no, A adherence, C combined, M multiple, Q quality, LO live observation, AO audio observation, SR self-report, VO video observation, NR not reported, Avg. average learning gains for all students (Vadasy and Sanders 2009; Vadasy et al. 2015) or a subgroup of students (Nunnery et al. 2006 ) on a majority of outcome measures. Vadasy and Sanders (2009) assessed treatment adherence and quality and found both dimensions accounted for differences in reading gains for students in grades 2 and 3 with reading difficulties. Similarly, in a study with kindergarten students at risk for reading problems, Vadasy et al. (2015) observed that treatment effects were moderated by fidelity on a majority of measures at posttest, with greater adherence to treatment associated with improved outcomes. In an effectiveness trial investigating the impact of Accelerated Reader and Renaissance Reading, Nunnery et al. (2006) found implementation fidelity (modeled as a single factor with several components including dosage and quality) did not account for variance in student outcomes for the full sample. However, higher levels of treatment fidelity were associated with improved outcomes for students with disabilities. Wolgemuth et al. (2014) found intervention quality and adherence only predicted student outcomes on two of the four early reading measures used. The authors note that restriction of range may have played a role in why instructional quality and adherence did not predict student outcomes, as implementation was, on average, high with little variability.
Discussion
The purpose of this synthesis was to describe fidelity reporting in early reading intervention studies published from 1995 to 2015. We were interested in (a) the proportion of studies that reported treatment fidelity and whether this proportion varied according to study features (RQ1), (b) the methods that authors used to support high levels of treatment fidelity (RQ2), (c) procedures used to assess treatment fidelity (RQ3), (d) the dimensions and levels of treatment fidelity reported (RQ4), and (e) to what extent treatment fidelity scores were used in the analysis of treatment effects (RQ5). In examining how K-3 reading intervention studies addressed treatment fidelity, we coded 175 studies that met the inclusion criteria and employed a systematic process for obtaining and classifying relevant information.
Treatment Fidelity Reporting and Study Features
Overall Rate of Fidelity Reporting Our first research question addressed the rate of treatment fidelity data reporting. In agreement with previous research findings (Gresham et al. 2000; McIntyre et al. 2007; O'Donnell 2008; Swanson et al. 2011; Wheeler et al. 2006) , we found that authors reported treatment fidelity data in less than half of the intervention studies under review. Of the 175 studies reviewed, 83 studies (47%) reported treatment fidelity data. This percentage matched the proportion of studies reporting treatment fidelity scores in Swanson et al. (2011) review of intervention studies published in high impact education journals from 2005 to 2009 and exceeded previous reviews of fidelity reporting in school-based intervention studies (Gresham et al. 2000; McIntyre et al. 2007; Wheeler et al. 2006) .
Association Between Study Features and Fidelity Reporting Our exploratory analyses
suggested that several study features are associated with fidelity reporting. For one, publication year was associated with fidelity reporting, with results indicating fidelity reporting increased over time. This finding was expected given the quality of educational research methodology has improved over time Vaughn and Swanson 2015) . It also aligns with the previous research showing that syntheses conducted more recently (Swanson et al. 2011; Wheeler et al. 2006) found higher numbers of treatment fidelity reported than earlier syntheses (Gresham et al. 1993; Gresham et al. 2000) . Study design was also significantly associated with fidelity reporting. Consistent with previous research (Swanson et al. 2011) , single case studies (68%) were the most likely to report treatment fidelity data, followed by experimental studies (57%), and then quasiexperimental and treatment-comparison studies (32 and 25%, respectively). The rate of fidelity reporting among experimental studies exceeded that of quasi-experimental studies and other treatment-comparison studies. Considering treatment fidelity reporting is a quality indicator (Gersten et al. 2005) , and experimental studies are, on average, associated with larger sample sizes, greater use of standardized measures, and other features of high-quality studies (Cheung and Slavin 2016) that may help to explain why experimental studies included treatment fidelity at a higher rate than quasi-experimental and other treatment-comparison studies. One reason for differences in the reporting of treatment fidelity between single case studies and experimental studies-both design types are considered high-quality-may be related to the category of education journal (e.g., special education, psychology). All of the single case studies were published in special education journals whereas the experimental studies were published in special and general education, as well as psychology journals. Our findings indicated studies published in special education journals were more likely to report treatment fidelity than studies published in general education journals.
Although we were unable to statistically test for a difference in the journal impact factor for studies with and without treatment fidelity data, the modest effect size (g = 0.32) difference in the average journal impact factors favoring studies reporting treatment fidelity suggests that future research may be warranted. Research in medical science has found that higher impact journals are associated with more methodologically sound studies (Gluud et al. 2005) and are more likely to include studies with methodological practices intended to safeguard against bias (Bala et al. 2013) . Thus, we hypothesized that the studies reporting treatment fidelity would be, on average, published in higher impact journals because reporting treatment fidelity is thought of as an indicator of study quality (Gersten et al. 2005; Horner et al. 2005 ) and higher impact journals are associated with methodologically higher quality studies. Taken together, the results of these exploratory analyses suggest that some study features (i.e., publication year, research design, and publication year) are related to treatment fidelity reporting.
Implementer Training and Support
Our second research question focused on the training and support authors reported providing to enhance treatment fidelity. This is the first synthesis of treatment fidelity to examine the methods that authors use to support high levels of treatment fidelity. Of the studies reporting treatment fidelity data, a high number of studies (77%) included descriptions of the training provided to treatment implementers. Moreover, among studies that reported providing initial training to implementers, a very high number of studies stated the number of training hours (92%). This level of detail facilitates future study replications by researchers who did not conduct the original investigation , which is important because past syntheses have found replications are very limited in the educational research (Lemons et al. 2016; Makel et al. 2016) . Although a high number of authors in the corpus of studies detailed initial training efforts, few studies (16%) reported assessing implementer knowledge or skills before the start of the intervention as a method for enhancing implementer treatment fidelity, as suggested by Bellg et al. (2004) . Moreover, less than half of the studies reporting treatment fidelity reported the number of hours implementers received training or support after the intervention was underway. These two areas for improvement are of practical importance as they are relevant to increasing fidelity and improving the quality of reading interventions.
Treatment Fidelity Data Collection Procedures
Of the 83 studies reporting treatment fidelity, authors in all studies described how fidelity data were collected. In line with recommendations (Bellg et al. 2004; Gersten et al. 2005; McIntyre et al. 2007; Moncher and Prinz 1991) , authors in 90% of studies employed live, video, or audio observations to collect treatment fidelity data. Past researchers have suggested that fidelity observations occur frequently and over the course of the entire intervention (e.g., Gersten et al. 2005; Horner et al. 2005) . Although results show the number and duration of observations conducted to collect fidelity data were reported in most studies, authors did not consistently report whether observations occurred over the course of the entire intervention implementation, making it difficult to determine whether current treatment fidelity data collection procedures met extant recommendations. One may question whether the number of observations in the reviewed studies met the number required to obtain a reliable estimate of treatment fidelity; however, it is difficult to draw conclusions about the reliability of the observational data collected given the limited information presented in intervention studies. One way authors provided reliability information was through inter-observer agreement data. However, in contrast with the recommendations by Gersten et al. (2005) and Horner et al. (2005) , a majority of studies (56%) that used observational data failed to report the level of interobserver agreement. Our findings suggest that most studies collect multiple direct measurements of teacher treatment fidelity, yet additional information about the reliability of treatment fidelity measures is needed.
Treatment Fidelity Dimensions and Scores
In studies reporting treatment fidelity data, adherence data and quality of implementation were the most frequently reported dimensions. The concept of treatment fidelity was once limited to treatment adherence (or integrity; Yeaton and Sechrest 1981) , and adherence was the only dimension of treatment fidelity identified as an Bessential quality indicator^for group research in special education by Gersten et al. (2005, p. 152) . Therefore, it reasons that treatment adherence would be the most common measure of treatment fidelity. Consistent with expert recommendations that the quality of implementation is another dimension identified in the quality standards for group research, albeit as a Bdesirable quality indicator^ (Gersten et al. 2005, p. 152) , is the finding of this synthesis that treatment quality is the second most commonly reported dimension of treatment fidelity. Authors less frequently reported other dimensions of treatment fidelity (i.e., treatment dosage, differentiation, and receipt). This may be a product of the lack of emphasis on these dimensions of fidelity in the quality indicators for special education research.
To our knowledge, none of the past reviews of treatment fidelity in school-based intervention studies presented scores for the level of treatment fidelity for all reviewed studies. The results of this systematic review suggest that the treatment fidelity scores reported in reading intervention studies is typically quite high. The average adherence score across studies was 93%. Scores on treatment quality and dosage measures were lower (81 and 71%, respectively); however, only a few studies reported scores for these dimensions.
Using Treatment Fidelity Data to Examine Treatment Effects
Only four studies examined the effects of fidelity on treatment effects using statistical methods (Nunnery et al. 2006; Vadasy et al. 2015; Vadasy and Sanders 2009; Wolgemuth et al. 2014) . Of note, three of these four studies found that treatment fidelity was predictive of learning gains for all students (Vadasy and Sanders 2009; Vadasy et al. 2015) or a subgroup of students (Nunnery et al. 2006) . Researchers have suggested that using fidelity data to analytically examine treatment effects provides an important pathway for understanding the hypothesized relations between fidelity and student outcomes (Mowbray et al. 2003; Zvoch 2012) . One reason why only a few of the reviewed studies examined the relation between treatment fidelity and student outcomes may relate to the type of experimental trials (e.g., efficacy or effectiveness) being conducted. Researchers conducting efficacy trials typically aim to test an instructional program under ideal conditions, which includes maximizing the level of treatment fidelity and minimizing variation. Thus, these researchers may not hypothesize that treatment fidelity would be related to student outcomes. On the other hand, effectiveness trials may be particularly interested in the relation between treatment fidelity and student outcomes, as these studies aim to test the effects of an intervention under less controlled conditions. Although we do not know how many of the studies reviewed were intended to serve as effectiveness studies, it may be worth noting that over 40% of the treatment implementers were school personnel. This figure, along with previous research (O 'Donnell 2008 ) and the present synthesis findings, reveals that treatment fidelity is associated with student outcomes. This suggests that it may be prudent to include an investigation of the role of treatment fidelity on student outcomes in future reading intervention studies, especially in effectiveness trials.
Limitations and Future Research
The findings should be considered in light of several caveats. For one, although the systematic literature searches intended to be all-inclusive, relevant K-3 reading intervention studies may have been unidentified. Another limitation relates to the collection of treatment fidelity information. Studies in the current corpus typically described treatment fidelity in the methods section of intervention studies; however, this information also appeared in other study sections, making coding difficult. We attempted to enhance the data collection process in four ways: (a) we developed a code sheet through an iterative improvement process before coding data were collected, (b) we established 90% reliability before coding, (c) we independently double-coded all articles and met to discuss discrepancies, and (d) the first author checked all numeric data against the source articles as a final check. Developing clear standards for treatment fidelity reporting would facilitate the future aggregations of fidelity data.
This synthesis may have also been impacted by publication bias favoring the reporting of treatment fidelity data when it was high and the omission of fidelity scores when they were low. Studies may have investigated the effects of treatment fidelity reporting in their analysis of effects but omitted these results when they were non-significant. Past researchers have posited that some intervention articles may not report treatment fidelity data due to journal page limits or a low priority by journal editors on such information (Moncher and Prinz 1991; Perepletchikova et al. 2007 ). Thus, the present corpus of studies may not fully reflect the amount of treatment fidelity data collected in reading intervention studies. Additionally, although a substantial amount of intervention research has been conducted in Grades K-3, these findings may not generalize to studies conducted with students in later grades. Future research may aim to investigate treatment fidelity in later grades to determine if these findings generalize.
We also note that it is important to consider the findings related to the associations between study features and fidelity reporting as preliminary. Our results suggest that some study features are associated with the incidence of fidelity reporting; however, we identified instances where these relations appeared to be confounded by third variables. For instance, we found the relation between implementer and frequency of fidelity reporting appeared to be confounded by the high number of studies conducted by a single researcher who consistently reported treatment fidelity data. To generate more conclusive findings about the relations between study features and the frequency of treatment fidelity reporting, future research should investigate these relations in a larger corpus of studies using more advanced methods that account for nested data.
Finally, future researchers should consider how intervention type (e.g., reading comprehension, vocabulary) is related to treatment fidelity. This research could address, for instance, whether higher or lower levels of treatment fidelity are found for certain intervention types. Researchers could also investigate whether treatment fidelity is more strongly associated with outcomes for certain types of intervention.
Implications
Despite progress in the frequency of treatment fidelity reporting over time, the moderate level of reporting in the most recent years reveals that it is not standard practice in the reading intervention literature nor is it customary for researchers to report multiple dimensions of treatment fidelity. Researchers have long recognized that treatment fidelity data are vital to experimental validity (e.g., Shadish et al. 2002 ); yet, as several researchers have noted (Dane and Schneider 1998; Dusenbery et al. 2003 ), it appears that many researchers conducting intervention research assume rather than evaluate treatment fidelity. Assuming perfect treatment fidelity may lead to inaccurate interpretations of study findings. For instance, a treatment found to have a null effect on student outcomes relative to a comparison condition may be considered ineffective; however, it may have been the case that the treatment instruction was implemented with low adherence or quality (e.g., O'Donnell 2007). The study would provide clear information that the treatment was not effective relative to the comparison condition when implemented with the low fidelity, but it is unknown how the treatment would have fared given higher instructional quality.
Notwithstanding the considerable research in education and other fields illustrating the complex, multidimensional nature of treatment fidelity (e.g., Bellg et al. 2004; Gresham 2009; Sanetti and Kratochwill 2009) , the studies reporting treatment fidelity data typically restricted their examinations of treatment fidelity to measuring treatment adherence. Providing information about instructional quality, treatment receipt (e.g., student engagement), dosage, and treatment differentiation provide a deeper understanding of how the treatment was implemented and received, which can benefit future practitioners focused on implementing the treatment and future researchers aiming to replicate or make alterations the treatment. Denton et al. (2010a) provide an illustrative example of a study that presents a detailed and multidimensional report of fidelity. The authors were expansive in their description of implementer training and coaching support, describing the number of training hours and focus of the training, as well as multiple dimensions of treatment fidelity, namely treatment adherence, quality, receipt, dosage, and differentiation. To provide treatment differentiation data, Denton and colleagues used the Instructional Content Emphasis-Revised (ICE-R; Edmonds and Briggs 2003) observation tool with both treatment and comparison implementers. Although the authors did not report using fidelity scores to examine treatment effects, this study provides a glimpse of what multidimensional fidelity reporting may include.
Among studies reporting treatment fidelity, authors regularly described methods for collecting treatment fidelity data. Observations were the most common data collection method used in this corpus of studies; however, a majority of studies failed to provide reliability (e.g., inter-observer agreement) or validity (e.g., convergent validity) data related to these observations. Research on the use of classroom observation tools to evaluate teacher quality indicates producing dependable instructional observation tools is a tall task (e.g., Hill et al. 2012) . Future studies might examine the psychometric properties of treatment fidelity measures (Sheridan et al. 2009 ). Studies examining the consistency and sensitivity of treatment fidelity items and their utility in predicting student outcomes may produce more reliable and valid treatment fidelity measures. Improved measures may also result in greater sensitivity to differences in treatment fidelity and, consequently, variation in treatment fidelity scores. Moreover, future intervention studies that incorporate improved treatment fidelity measures may be more apt to accurately measure the relation between treatment fidelity and student outcomes.
For a field that places a high priority on conducting rigorous research, we believe that it is problematic that fewer than half of the studies reviewed included treatment fidelity data. In 2009, Sanetti and Kratochwill put forth several policy recommendations to journal editors and granting agencies about ways to enhance the quantity and quality of treatment fidelity reporting. The findings of this synthesis underscore the continued relevance of these policy recommendations and the need for clear and comprehensive standards for treatment fidelity reporting. Ultimately, thorough consideration and reporting of treatment fidelity is critical to the internal and external validity of reading intervention studies, which in time will help us to better identify evidence-based practices and the conditions under which these practices enhance student outcomes.
